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METHOD OF COOLING MOLTEN METAL DURING FRACTIONAL 

CRYSTALLISATION 



The invention relates to a method of cooling an at most partially solidified molten 
metal during fractional crystallisation. 

Crystallisation methods and apparatus can be used to refine a metal (here used 
as an abbreviation for metal alloy) in which too high a concentration of a foreign 
element is present. This foreign element can be present because in the metal made 
from metal ore, the primary metal, too much of the foreign element is present, or 
because already used metal is recycled and the foreign element concentration in the 
scrap is too high. For example aluminium scrap can contain too much of the foreign 
elements Fe, Si or Mg for use for commercial purposes unless it is mixed with primary 
metal containing little of the foreign element(s). 

During fractional crystallisation metal crystals are formed in the molten metal due 
to the cooling of the molten metal. The crystals have a composition that is purer than 
the composition of the molten metal that is used as a starting point or in other words 
the crystals contain less of the foreign element(s) per unit weight compared to the 
molten metal that is used as a starting point. 

Conventional methods of cooling an at most partially solidified molten metal 
during fractional crystallisation involve cooling the walls of the crystallisation apparatus 
by, for example, embedding cooling pipes in the wall. These conventional methods 
however have the disadvantage that crystals grow on and encrust the cool surfaces. 
Cooling through the walls of the apparatus, can be supplemented by way of a cooling 
device using a cooling coil or such an arrangement which is inserted into the molten 
metal, however such a device will only cool the molten metal at one place and again 
the molten metal will crystallise on and around the device, hampering the cooling effect 
of the cooling device. 

It is an object of the invention to provide an improved method of cooling an at 
most partially solidified molten metal during fractional crystallisation, particularly 
suitable for refinement of aluminium and suchlike metals having a high melting point. 

It is another object of the invention to provide a method of cooling an at most 
partially solidified molten metal during fractional crystallisation with which the solid 
fraction and/or temperature of the at most partially solidified molten metal can be better 
controlled compared to the prior art. 

It is still another object of the invention to provide a method of cooling an at most 
partially solidified molten metal during fractional crystallisation which improves the 
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likelihood of the metal crystals remaining in suspension in the molten metal by for 
example reducing the risk of the metal crystals adhering to the walls of the vessel in 
which it is contained. 

One or more of these objects are achieved by a method of cooling an at most 
5 partially solidified molten metal during fractional crystallisation wherein metal crystals 
formed have a purer composition than that of the molten metal characterised in that 
salt in solid form is used to cool the at most partially solidified molten metal. 

The use of a solid salt to cool the molten metal is advantageous for a number of 
reasons. When using the method of the present invention the solid salt added absorbs 

10 a lot of energy from the molten metal as it warms up from the temperature at which it 
was added, e.g. approx 20°C, to the temperature of the at most partially solidified 
molten metal, but crystals are unlikely to form and attach themselves to the molten salt 
or solid salt particles which means that metal crystals formed remain in suspension in 
the molten metal. The method of the present invention also allows for accurate dosing 

15 of the desired amount of solid salt for cooling. Preferably 0.1 to 1 kg of salt is added to 
the molten metal per kg of refined metal crystals produced, to ensure sufficient cooling. 
More preferably 0.2 to 0.8 kg of salt is added to the molten metal per kg of refined 
metal crystals produced or even more preferably 0.3 to 0.6 kg of salt per kg of refined 
metal crystals produced. 

20 The solid salt preferably melts at least partially during the cooling of the at most 

partially solidified molten metal as it preferably has a melting point below the melting 
point of the at most partially solidified molten metal. The solid salt thus absorbs heat 
from the molten metal as it warms up and as it melts. The molten salt can be chosen to 
be either heavier or lighter than the molten metal, so the molten metal will float on the 

25 heavier molten salt or the lighter molten salt will float on the molten metal, or both if 
two types of solid salt are used. The temperature of the molten salt can be measured 
and controlled to control the temperature of the molten metal, whereas when cooling 
through the walls of a crystallisation apparatus the temperature of the molten metal 
can be less accurately controlled.The molten salt does not form a surface on which 

30 crystals can form and attach themselves. 

At least some of the salt is preferably removed, e.g. by tapping off, once it is 
molten thereby enabling more solid salt to be added and more cooling to occur. 

The removed salt is preferably cooled and solidified for re-use. This makes the 
35 method cost effective and economical with resources, as the cooling means can be re- 
used. 
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The solid salt is preferably added from above and/or to below and/or into the at 
most partially molten metal. If solid salt is added from above and/or below the at most 
partially molten metal it may form a molten salt layer above and/or below the at least 
partially molten metal e.g. the salt may be added from above the at most partially 
molten metal and may form a molten salt layer below the at least partially molten 
metal. If solid salt is added from above and/or below the at most partially molten metal 
it may also cool an already existing molten salt layer thereby cooling the molten metal 
via the salt/molten metal interface. When solid salt is added into the at most partially 
molten metal it will directly cool the molten metal and encourage metal crystal 
formation. 

The at most partially solidified molten metal is preferably stirred. By stirring the at 
most partially solidified molten metal the metal crystals are kept in suspension and the 
exchange of material between the metal crystals and the molten metal is enhanced. 

The solid salt is preferably added to a vortex formed on the surface of the at most 
partially solidified molten metal by the motion of the stirrer. The solid salt is added into 
the vortex created by the rotating motion of the stirrer on the surface of the molten 
metal which draws the solid salt from the surface into the body of the at most partially 
solidified molten metal. The solid salt is thus added to the surface of the at most 
partially molten metal but ends up in the body of the at most partially molten metal 
where it directly cools the molten metal and encourages metal crystal formation. 

The solid salt is preferably added through a means for stirring the at most 
partially solidified molten metal. The solid salt is thereby well distributed through the 
molten metal, the salt/metal contact surface is relatively large and the salt effectively 
encourages metal crystal formation by cooling the metal as it heats up and melts. 

The solid salt once molten preferably has a lower density than that of the at most 
partially solidified molten metal so that it forms a layer on top of the at most partially 
solidified molten metal and can be easily removed e.g. by tapping off and reduces 
oxidation of the molten metal. 

The solid salt preferably comprises alkaline earth metal halides or alkali metal 
halides or mixtures thereof as such halides are chemically stable and less likely to 
react with the at most partially solidified molten metal. 

The at most partially solidified molten metal is preferably an aluminium alloy. 
Fractional crystallisation is particularly suited for aluminium. Recycling aluminium is 
cost effective in view of the production of primary aluminium being very energy 
intensive and expensive and it is often necessary to reduce the amount of a foreign 
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element or elements in recycled aluminium in order to obtain a required chemical 
composition. 

The present invention will be further explained by way of example with reference 
to the accompanying schematic figures 1 to 3. 
5 Figure 1 shows a cross section through a crystallisation apparatus in which the 

cooling method according to the invention is implemented. 

Figure 2 shows a cross section through a further crystallisation apparatus in which the 
cooling method according to the invention is implemented. 

Figure 3 shows a cross section through a further crystallisation apparatus in which the 
cooling method according to the invention is implemented. 

Figure 1 shows a crystallisation apparatus for implementing the method 
according to the invention. The apparatus comprises a chamber 9 surrounded by walls 
3 and floor portion 4. The apparatus may comprise a lid but this is not shown in the 
figure. The walls 3 and floor portion 4 are preferably heated by embedded heating 
elements or pipes 5. The apparatus comprises a stirrer or impeller 6. The rotating 
motion of the stirrer 6 generates a vortex 14 in the at most partially solidified molten 
metal 8 which extends up to the surface of the molten metal. The solid salt 13 is 
dropped or strewn onto the surface of the at most partially solidified molten metal 8 
and is preferably oriented to fall into the vortex 14 created by the stirrer so the solid 
salt is drawn into the body of the at most partially solidified molten metal in the 
chamber of the apparatus. The salt melts as it has been selected to have a melting 
temperature below the melting temperature of the metal. The solid salt is also 
preferably selected to be of greater density once molten than the molten metal and 
thus forms a layer 11 beneath the at most partially solidified molten metal. Salt can be 
removed from the layer 1 1 and once removed may be cooled and solidified for re-use. 

Figure 2 shows a crystallisation apparatus 1 for the fractional crystallisation of a 
molten metal containing one or more foreign elements. The apparatus comprises a 
chamber 9 surrounded by a lid 2, walls 3 and floor portion 4. The walls 3 and floor 
portion 4 are preferably heated by embedded heating elements or pipes 5. The 
apparatus also comprises a stirrer or impeller 6, which is rotated, and a pipe 7. Solid 
salt 13 in powder or fine-grained form along with inert gas under pressure is supplied 
to the at most partially solidified molten metal 8 through the pipe 7. The stirring of the 
at most partially solidified molten metal keeps the crystals in suspension and enhances 
the exchange of material between the crystals and the molten metal. The salt melts as 
its melting temperature is below the melting temperature of the at most partially solid 
molten metal. The salt once molten preferably has a lower density than that of the 
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molten metal so the salt 13 rises through the at most partially solidified molten metal 
and forms a layer 11 on top of the metal and can be tapped off via outlet 10. Once 
tapped off the salt is cooled and solidified for re-use. 

Figure 3 shows an alternative crystallisation apparatus for implementing the 
method according to the invention. The apparatus comprises a chamber 9 surrounded 
by a lid 2, walls 3 and floor portion 4. The walls 3 and floor portion 4 are preferably 
heated by embedded heating elements or pipes 5. The apparatus comprises a 
combined stirrer and supply pipe 12 for the solid salt. The solid salt 13 is supplied in 
powder or fine-grained form along with inert gas under pressure to the pipe 12. The 
gas and solid salt pass through a duct in the interior of the pipe 12 and exit into the at 
most partially solidified molten metal via at least two openings in the pipe. The pipe 12 
is rotated to stir the at most partially solidified molten metal whilst the solid salt is being 
supplied to the at most partially solidified molten metal. The stirring of the at most 
partially solidified molten metal keeps the crystals in suspension and enhances the 
exchange of material between the crystals and the molten metal. The salt once molten 
preferably has a lower density than that of the molten metal so the salt 13 rises 
through the at most partially solidified molten metal 8 and forms a layer 1 1 on top of 
the metal and can be tapped off via outlet 10. Once tapped off the salt is cooled and 
solidified for re-use. 

The at most partially solidified molten metal 8 is preferably aluminium alloy. The 
solid salt added may have a density once molten greater than or lower than the density 
of the molten metal. The salt may thus ultimately form a layer above and in contact 
with the upper surface of the molten metal or may form a layer beneath and in contact 
with the lower surface of the molten metal. The solid salt added may also have a 
composition such that some of the salt once molten forms a layer above the molten 
metal and some forms a layer below the molten metal. The solid salt may be supplied 
directly onto the upper surface of the at most partially solidified molten metal and/or 
may be supplied onto and/or into a salt layer in contact with the upper surface of the at 
most partially solidified molten metal. The solid salt may be supplied below the lower 
surface of the at most partially solidified molten metal directly to the lower surface 
and/or into and/or below a salt layer in contact with the lower surface of the at most 
partially solidified molten metal. The solid salt may be supplied both above and below 
the at most partially solidified molten metal. The solid salt may be supplied in for 
example powder, pellet, lump or large blockform. The solid salt may simply be dropped 
or immersed into the at most partially molten metal. The solid salt may also be 
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supplied enclosed in another material such as for example in a form comprising a 
solidified coating of the molten metal. 

The solid salt preferably has a melting point below the melting point of aluminium 
metal and more preferably below 500°C to ensure the salt stays molten even when 
forming part of a salt layer positioned above or below the at most partially solid molten 
metal. The solid salt added preferably comprises halide salts such as alkaline earth 
metal halides or alkali metal halides or mixtures thereof as such salts are chemically 
stable and are less likely to react with the molten metal. More preferably the solid salt 
comprises sodium chloride and magnesium chloride that have respective melting 
points of 720°C and 780°C but in combination can have a significantly lower melting 
point. Even more preferably approx 60% NaCI and approx 40% MgCI 2 is used to 
achieve a combination of a melting point below 500°C and chemical stability. 

Typical values for cooling effectiveness of solid salt for molten aluminium alloy 
metal at a temperature of 660°C are: 

1 kg solid salt added at a temperature of 20°C 

1 kg X 1000J/kg°C x (660-20)°C = 640 kJ (heating salt) 

1 kg X 300 kJ/kg = 300 kJ (melting salt) 

Total energy absorbed = 940 kJ 

latent heat of fusion of aluminium = 390 kJ/kg 

Thus to produce 1 kg of aluminium crystals from molten aluminium alloy at 660°C 
the amount of salt required for cooling is approx 0.4 kg (390/940 kg). 

A reasonable production rate from a crystallisation apparatus containing 500kg of 
molten aluminium alloy is 100kg crystals per hour. Thus to obtain a crystal production 
rate of 100kg per hour, 40 kg of solid salt should be supplied per hour. 

The lid 2 and/or the layer of molten salt 11 formed in the chamber of the 
crystallisation apparatus may be heated to a temperature above the melting point of 
aluminium metal to ensure crystals of aluminium metal do not form on for example the 
stirrer and/or supply pipe 6,7,12. 

Alternatively, elements such as the stirrer and/or supply pipe 6,7,12 could be 
heated to above the melting temperature of aluminium to avoid encrustation with metal 
crystals. 



